We compute the initial energy densities produced in ultrarelativistic heavy-ion collisions from NLO perturbative QCD using a saturation conjecture to control soft particle production, and describe the subsequent space-time evolution of the system with hydrodynamics, event by event. The resulting centrality dependence of the low-p T observables from this pQCD + saturation + hydro ("EKRT") framework are then compared simultaneously to the LHC and RHIC measurements. With such an analysis we can test the initial state calculation, and constrain the temperature dependence of the shear viscosity-to-entropy ratio η/s of QCD matter. Using these constraints from the current RHIC and LHC measurements we then predict the charged hadron multiplicities and flow coefficients for the 5.023 TeV Pb+Pb collisions.
Introduction
The basic assumption in the EKRT framework is that the initial transverse energy production in ultrarelativistic heavy-ion collisions can be calculated by using perturbative QCD and collinear factorization, and that the production is locally controlled by a semi-hard saturation scale p sat [1, 2] .
Using hydrodynamics with the EKRT initial conditions, we show that we can describe a multitude of low-p T observables simultaneously at RHIC and LHC energies, and constrain the QCD η/s(T ) [3] . Moreover, once the model parameters are fixed at one collision energy, the results for the other collision energies are predictions, and we can predict the low-p T observables in 5.023 TeV Pb+Pb collisions at the LHC [4] .
The minijet transverse energy E T produced into the rapidity interval ∆y per unit transverse area in A + A collisions can be computed by using collinear factorization as [2] 
where p 0 Λ QCD is the transverse momentum cut-off scale, r is the transverse coordinate and b is the impact parameter and T A is the nuclear thickness function. The basic input to the calculation of σ E T p 0 ,∆y,β are the NLO pQCD partonic cross-sections [5, 6] and the nuclear parton distributions [7] . The parameter β ∈ [0, 1] (here β = 0.8) controls the minimum E T in ∆y defined in the measurement functions that render the NLO calculation of E T infra-red and collinear safe [2] .
The cut-off scale p 0 is obtained from the NLO generalization [2] of the EKRT saturation condition [1] 
where K sat is a free parameter. The r dependence of the solution p 0 = p sat ( √ s NN , A, ∆y, r, b; β, K sat ) enters essentially only through T A (r) [8, 9] , i.e. around each nucleon, with width σ = 0.43 fm, obtained from the measurements of J/ψ electroproduction [10] . The nuclear T A is then a sum of the nucleon thickness functions.
The local energy density at the formation time τ s (r) = 1/p sat (r) is then
The energy density profile need still to be evolved to a common time τ 0 = 1/p min sat = 0.2 fm, at which we start the hydro. We use simple 0+1 D Bjorken hydrodynamics for this "pre-thermal" evolution. At the edges of the system, where p min sat = 1 GeV, the energy density profile is connected smoothly to a binary profile. The spacetime evolution of the system is then solved by 2+1 D dissipative fluid dynamics, with the coefficients of the second-order terms in the equations of motion from Refs. [11, 12] . The equation of state is the s95p-PCE-v1 parametrization [13] with chemical decoupling at T chem = 175 MeV. The kinetic freeze-out is at T dec = 100 MeV. The transverse flow and the components of the shear-stress tensor are initially set to zero. We neglect heat conductivity and bulk viscosity. The remaining hydrodynamic input is then η/s(T ). The parametrizations used in this work [3, 4] are shown in Fig. 1 . Figure 2a shows the centrality dependence of the charged hadron multiplicity in 2.76 TeV Pb+Pb collisions at the LHC. The measurement of the multiplicity in 0 − 5 % most central collisions is used to fix the proportionality constant K sat . The studied η/s(T ) parametrizations lead to different entropy production during the evolution, and therefore K sat must be fixed separately for each η/s(T ). However, once K sat is fixed, the centrality dependence of the multiplicity, as well as its dependence on the collision energy, is a prediction of the model. The calculated multiplicities in 200 GeV Au+Au collisions at RHIC are shown in Fig. 2b , and the prediction for the 5.023 TeV Pb+Pb collisions is shown by the upper set of curves in Fig. 2a .
Results
Each η/s(T ) parametrization is constructed in a such way that it gives a good description of the elliptic flow measured in mid-peripheral LHC 2.76 Tev Pb+Pb collisions. The centrality dependence of the v n {2} is shown in Fig. 3a , compared to the ALICE measurements [17] . As can be seen from the figure, the centrality dependence of the flow coefficients at the LHC can be described by many different temperature dependencies of the viscosity. Tighter constraints for η/s(T ) can be obtained by a simultaneous analysis of 200 GeV and 2.76 TeV collisions. This is shown in Fig. 3b , where the EKRT results, with the same η/s(T ) parametrizations that describe the LHC data, are compared to the STAR measurements [18, 19, 20] .
The relative fluctuation spectra of elliptic flow, δv 2 = (v 2 − v 2 ev )/ v 2 ev , provide more direct constraints to the initial conditions, as they are independent of the viscosity [3] . The calculated probability distribution P(δv n ) is shown in Fig. 4 together with the ATLAS data [21] .
Besides the flow coefficients themselves, the correlations between the event-plane angles provide vital additional constraints to η/s(T ). An example of such correlations is shown in Fig. 4b , where the EKRT model calculation Experimental data are from ALICE [14] , STAR [15] and PHENIX [16] . From [4] and [3] .
with different η/s(T ) parametrizations is compared to the ATLAS data [22] . It is remarkable that the same η/s(T ) parametrizations, η/s = 0.2 and param1, that give the best description of the flow coefficients at RHIC, also give the best description of the event-plane correlations at the LHC. Experimental data are from ALICE [17] and STAR [18, 19, 20] . From [3] . 
